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ABSTRACT
The feasibility of producing a low cost, easy to 
use, and flatulence-free product from corn and cowpeas 
for Nigerian children was investigated.
Cowpea slurry was naturally fermented for 48 hours 
at room temperature. The pH dropped from 6.38 to 4.20. 
In fermentation with the yeast, Pichia gui11iermondii 
Y-2075, for 72 hours at room temperature, the pH dropped 
to only 5.60.
Soaking and wet milling resulted in nutrient losses 
Drum drying of the product did not significantly reduce 
lysine levels, 90% being biologically available in most 
samples.
Products with good biological value as measured by 
PER in excess of 2.0 were obtained. Results from NPR 
confirmed the PER trends. Protein levels increased in 
the corn:cowpea mixtures with increased proportion of 
cowpeas. Maximum complementary effect on protein 
quality was achieved when cowpeas contributed between 33 
and 40% of the starting material. Beyond this range, 
protein quality was reduced even though protein content 
was higher.
Fermentation increased protein levels in the blends 
The increase was higher following yeast fermentation. 
Cystine content was significantly reduced in yeast-
viii
fermented samples, thus lowering total sulfur amino acids. 
Except for tryptophan, fermentation increased the essen­
tial amino acids. Fermentation markedly affected the 
salt soluble protein units of the blends. SDS gel 
electrophoretic analysis showed that fermented samples 
contained only low molecular weight fractions, and the 
number of protein subunits were few. The degree of pro­
tein breakdown also was higher with yeast fermentation.
Significant reduction in the levels of raffinose 
and stachyose was achieved by fermentation of cowpeas, 
yeast fermentation being more effective than natural 
fermentation in this regard. Stachyose was completely 
eliminated (in one sample) and reduced more than 90% in 
others following fermentation.
INTRODUCTION
The major nutritional problem in much of the Third 
World is that of an unbalanced diet and its attendant 
consequences. In most of these countries, diverse 
cultural, economic, and geographical factors are re­
flected in food patterns. In West Africa for example, 
the diets of much of the population are those of poor 
people; limited in protein while carbohydrate,and perhaps 
fats and oils, are consumed in excess. Although the un­
balanced consumption of these major nutrients are highly 
exaggerated when common staples , as yam and cassava are 
analyzed without the often accompanying soup, the fact 
remains that protein is lacking in both quantity and 
quality. Such monotonous consumption of carbohydrate 
food presents some health problems. Although these 
major nutrients can be metabolically converted from one 
form to another, there are physiological limitations.
The negative effects of inadequate protein intake 
are well documented in the literature. The effect 
on immune responses of children in areas 
where diseases are common is a matter of concern (Tabrah 
and Hauck, 1963; Graham et al., 1966; Mathews et al.,
1974). Inadequate protein consumption has even more 
damaging effects on infants. While some of the problems 
of malnutrition in adulthood are reversible, malnutrition
2in early stages of life can cause irrepairable damage, 
with males showing a tendency to be affected more 
severely than their female counterparts (McFie and 
Welbourn, 1962; Cabak and Nadjanvic, 1965; Garrow, 1970; 
Platt and Stewart, 1971; Nwuga, 1977).
Presently, most Nigerian infants are weaned solely 
on starch made from pre-soaked, wet milled and wet- 
sieved corn. This corn starch may or may not be fer­
mented. It is then cooked into a smooth textured gruel 
known as 'akamu', 'ogi', and by other local names. Only 
families that can afford milk add it, but the proportion 
of such families is small. 'Akamu' is usually offered 
initially in amounts up to half a cup three times daily. 
The infant may be spoon-fed, but most often the gruel is 
forcibly fed with the infant almost choking.
At the time 'akamu' is introduced (4 months of age), 
the infant's nutrient requirements are beyond what the 
gruel can provide. The high incidence of general mal­
nutrition among Nigerian children during the early years 
of life is related to this diet. The incidence decreases 
to less than 45% as the children start eating adult food 
(Tabrah and Hauck, 1963; Mudambi, 1976; Akinsete and 
Boyo, 1977). Rate of infant mortality among the village 
populations that rely on 'akamu' and similar starchy 
food reaches 180 per 1000 live births. The general 
health and performance of survivors are well below those
3of well-fed classes (Edozien et al., 1976).
In an examination of apparently healthy Nigerian 
nursing mothers, Ogbeide (1975) reported that the mean 
protein value of their milk was 0.77% after 
seven months of lactation. The quality and quantity of 
milk production from the rural poor,whose chief food is 
'fufu' (a thick starchy paste of pounded cassava or yam), 
would be low. With such nutritional deficiencies early 
in life, the use of 'akamu' as a weaning food simply 
compounds the problem.
Obviously, the nutritional quality of this weaning 
food is far from desirable. Corn by itself is not 
satisfactory, and more so when compounded by local 
processing methods that virtually eliminate all water 
soluble nutrients. Experience with traditional 'agidi' 
production indicated considerable losses of protein at 
several processing steps especially with prolonged soak­
ing (Akobundu and Hoskins, 1980). The nutritional in­
adequacy of this weaning food was first documented by 
Williams (1933) who used the Ga native word 'kwashiorkor' 
to describe the disease that soon followed weaning 
infants on low protein maize gruel. Despite this ob­
servation, 'akamu' has remained the major weaning food 
especially among the poor, rural populations.
Since corn is low in tryptophan and other amino 
acids, this diet will obviously be low in niacin; also, low
4riboflavin intake among Nigerian children has been attri­
buted to this regime. 'Akamu'/even when fermented, proves 
inadequate as a sole weaning food (Osifo, 1971; Akinrele 
and Basir, 1967). Besides serving as weaning food,
'akamu' is used by invalids and infants. In both cases, 
protein requirements are high and this diet falls short 
of meeting their needs. Traditionally, 'akamu' serves as 
breakfast food for adults. The production of a more 
adequate food would also be beneficial to adults whose 
protein intakes are often below recommended allowances.
The low purchasing power of the populace generally ex­
cludes meats as major protein sources. Vegetable protein 
therefore becomes the only economic alternative. Availability, cost, 
and cultural food habits, give corn and cowpeas major 
impetus for further consideration.
The purpose of this study therefore was to: (i)
develop a higher protein weaning and infant food for 
Nigerian populations that could replace the traditional 
'akamu' using locally available raw materials (corn and 
cowpeas); (ii) assess its nutritional quality; and (iii) 
test the efficacy of fermentation as a vehicle for re­
ducing or removing the flatulence-promoting raffinose and 
stachyose of cowpeas.
REVIEW OF LITERATURE
The feeding of infants and young children has 
assumed greater importance with the realization of the 
serious consequences of infant malnutrition. Scientists 
are therefore continuously looking at means of providing 
suitable combinations of various raw materials for 
infant food. The concepts of village food technology and 
home-made weaning food emerged along these same lines. 
Today, with shortages and high cost of animal protein, 
investigations have rightly focused on the greater use of 
plant materials.
Nutritive Value of Corn
The nutritive importance of corn has been amplified 
by low consumption of animal protein in the corn con­
suming areas of the world. Corn is limiting in lysine 
and tryptophan, and this fact has been, in part, 
responsible for the poor nutritional status of the 
populace of corn consuming regions. Several factors seem 
to influence the nutritive value of corn. Earle (1977) 
reported a relationship between high corn protein and 
high July temperatures. Noted also was an inverse 
relationship between protein level and July rainfall, 
and between protein and yield. Varietal differences 
have impact on nutritional value also. Ash contents of
63.7 and 1.4% have been reported for Nigerian and American 
maize varieties respectively. The Nigerian maize also 
contained trace amounts of nitrites, nitrates, and cyano- 
genetic glycosides (Oke, 1965; Fafunso and Bassir, 1977) .
Sherman and Winters (1918) reported that when a 
normal woman was fed maize protein at 0.5 g per kg, 
nitrogen balance was negative. Similar results were re­
ported when the protein intake was increased to 0.7 g 
per kg of body weight (Keuther and Myers, 1948).
Hansen et al., (1960) noted that when children re­
covering from kwashiorkor were fed only maize protein 
at 2.3 g per kg, their mean daily nitrogen retention was 
39 mg per kg. With prolonged feeding however, subnormal 
weight as well as declining serum albumin levels were 
observed. In a study with Bantu traditional maize con­
sumers, Truswell and Brock (196 2) observed that digesti­
bility of maize protein varied inversely with intake. 
Therefore, they concluded that although the nutritive 
value of maize was low, subjects eating large amounts of 
maize protein realized higher nutritive value than was 
often assumed.
In view of the poor nutritional quality of corn 
alone, attempts at direct amino acid supplementation have 
been made. Sure (1953) observed considerable improvement 
in the efficiency of whole yellow corn grown in Guatemala 
when 0.5% threonine was added along with lysine and
7tryptophan. Similar results were obtained with U.S. 
hybrid whole yellow corn in the presence of lysine, 
tryptophan, and methionine. Several investigations 
revealed that supplementation of corn with lysine and 
tryptophan resulted in positive nitrogen balance and 
that addition of isoleucine further improved protein 
efficiency (Bressani et al., 1958; Scrimshaw et al.,
1958; Truswell and Brock, 1961) . Supplementation with 
other amino acids was not beneficial. Besides direct 
amino acid supplementation, alkaline treatment of corn 
increases its nutritive quality. Bressani (1966) re­
ported that lime-treated opaque-2 corn fed at 2 g per kg 
body weight was sufficient to cure severe kwashiorkor.
The development of high-lysine corn (opaque-2 and 
floury-2) resulted in some nutritional improvement. Mertz
et al. (1964) showed that both acid-soluble and alkali- 
soluble protein fractions were higher in high-lysine corn 
than normal varieties. Perhaps most significant is the 
lower zein content, since this alcohol-soluble protein 
fraction is low in lysine and tryptophan. The superior­
ity of the new varieties have been well documented (Mertz 
et al., 1965; Cromwell et al., 1967).
8Nutritive Value of 'Akamu'
This Nigerian weaning food shares the fate of other 
foods of less developed communities in that little 
research has been reported on it. Akinrele (1966) ex­
amined the nutritive value of 'akamu', and observed that 
the protein quality was extremely poor and not capable 
of supporting growth in rats.
The sour taste of 'akamu' is probably due to lactic 
fermentation (Banigo and Muller, 1972). It has been re­
ported that fermentation does not significantly alter 
the nutrient composition of 'akamu'. However, the un­
fermented product showed higher mineral content, while 
fermented samples exhibited slight increases in protein 
and vitamin levels (Akinrele and Bassir, 1967). Niacin 
and riboflavin levels in 'akamu' were reported to be 
very low and losses were attributed to processing (Osifo, 
1971) .
Banigo et al. (1974) suggested several methods of 
preparing 'akamu' from high-lysine corn. These authors 
used a mixed culture of bacteria and yeast and claimed 
that their processes resulted in nutritionally superior 
products to the traditional process. They pointed out 
that improved nutritional quality was due primarily to 
the dry milling of the corn.
'Akamu' powder supplemented with lysine and trypto­
phan was recently produced (Adeniji and Potter, 1978).
9These investigators observed that while the protein content was un­
affected, both total and available lysine levels were 
significantly reduced by processing. Therefore,it was 
suggested that lysine supplementation of 'akamu'might be 
more effective following processing.
Nutritive Value of Cowpea
Cowpeas (black-eyed) were used as food for many 
generations before attempts were made to establish their 
nutritive value. In West Africa, black-eyed peas con­
tribute over 7% of the diet, and could be used in a 
variety of dishes (Sanchez et al., 1972; Dovlo et al., 
1976) . Like most legumes, cowpeas are good sources of 
protein. Investigations on the nutritive value of cow­
peas reveal that the protein is low in sulfur-containing 
amino acids but relatively high in lysine (Finks et al., 
1922; Sherwood et al., 1954; Elias et al., 1964).
Bressani et al. (1961) reported that in cowpeas, the 
sulfur amino acids were the most limiting, followed by 
leucine and tryptophan.
Protein concentrates prepared from black-eyed peas 
have higher methionine and cystine content and better 
overall protein quality than the original meal prepared 
from dehulled peas. Leucine:isoleucine ratio (1.83) was 
reported for meal of black-eyed peas, while a lower ratio
10
was observed and thought to favor amino acid balance in 
the protein concentrates (Molina et al., 1976).
Cowpeas are only moderate sources of vitamins. At 
maturity, the levels of ascorbic acid and vitamin A are 
very low and preparation methods further reduce the 
levels. Hoover (19 55) reported that though Southern peas 
(Vigna sinensis) are relatively high in ascorbic acid if 
harvested early and utilized immediately, little or no 
benefit in terms of ascorbic acid is derived from the 
mature dry seed.
The work of Richardson (1948) showed wide variation 
in protein quality among cowpeas. However, Elias et al. 
(1964) reported only small variations in amino acid con­
tent of eight varieties they studied, except for tryptophan. 
They also noted that cowpeas have better nutritive value 
than black beans as measured by protein efficiency ratio 
(PER). Sanchez et al. (1972) reported that when a typical 
West African diet was supplemented with black-eyed peas 
at 25% level, both PER and tissue weights (intestine, 
liver, kidney, heart, and muscle) were significantly 
increased.
Onayemi and Potter (1976) reported that the PER of 
cowpea powder was significantly improved by addition of 
DL-methionine up to 0.6%. At high methionine supplementa­
tion, improvement of PER was coupled with fatty infiltra­
tion of rat livers. Prolonged soaking with the seed coat
11
intact improved nutritive value. Onayemi et al. (1976) 
observed that growing rats fed raw cowpeas soaked for 36 
hours showed higher weight gain, feed utilization and PER 
as opposed to those fed raw unprocessed cowpeas, raw 
cowpeas soaked for only 24 hours, raw cowpeas with the 
testa removed after 36 hours of soaking, or autoclaved 
cowpeas.
A major factor affecting utilization of cowpeas and 
other legumes is the beany flavor. Okaka and Potter 
(1979a) developed a process of overcoming this drawback 
by soaking the cowpeas in HCl-acidified distilled water 
for 10 hours. Soaking at pH 6.0 without blanching prior 
to drum drying was most effective in reducing beany flavor. 
These workers reported that the process did not impair 
the nutritive quality of the cowpea powders. Supplementa­
tion with methionine improved the protein quality (Okaka 
and Potter, 1979b).
The natural fermentation of black-eyed peas resulted 
in increases in limiting amino acids and riboflavin 
after 4 days at 25°C (Zamora and Fields, 1979a).
A nutritional drawback of legumes is the presence 
of anti-nutritive factors, especially trypsin inhibitors 
and phytohemagglutinins. The former reduces digestibility 
while the later impairs absorption, thus lowering 
nutritive quality (Liener, 1976). Unlike most legumes, 
black-eyed peas have been shown to have very low
12
concentrations of both phytohemagglutinin and trypsin 
inhibitors (Bressani and Elias, 1974; Rachie, 1975). 
Cowpea protein theoretically should be more biologically 
available than many other bean proteins.
Flatulence
Flatulence is a common experience with consumption 
of legumes. Oligosaccharides in legumes, notably 
raffinose and stachyose (Figure 1) have been implicated 
in incidences of flatulence (Calloway et al., 1971; 
Rackis et al., 1970; Rackis, 1974). Since humans do not 
possess the enzyme, *<-galactosidase, these glactosido- 
sucrose compounds escape digestive hydrolysis and are 
fermented in the intestine. The gases formed include 
hydrogen, carbon dioxide, and methane depending on the 
organisms present (Rackis, 19 74). Evidences available 
point to the fact that raffinose and stachyose are not 
solely responsible for flatulence. However, any infant 
food which contains a legume and is intended for large 
consumption, should ensure considerable reduction,or pre­
ferably complete elimination of these oligosaccharides.
Wagner et al. (1976) demonstrated that the a- 
oligosaccharides of legumes (raffinose and stachyose) are 
not the only contributors to the intestinal gas pro­
duction of legumes. Gas producing ability of the
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Figure 1: Structural relationship of the oligosaccharides
raffinose and stachyose.
CH
OH
OH HOHOHO
OHOH
Raffinose: O-a-D-galactopyranosy1-(1,6)-O-a-D-glucopyranosyl- 
(1,2)-S-D-fructofuranoside
CHO
OH
OHHOHO
OHCH
HO /  CH-OHO
OH
Stachyose: O-a-D-galactopyranosyl-(1,6)-O-a-D-galactopyranosyl-
(1,6)-O-a-D-glucopyranosyl-(1,2)-f-D-fructofuranoside
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purified oligosaccharides was enhanced when oligosaccha­
ride-free bean residue was added. These workers suggested that 
the 70% alcohol-insoluble bean residue contained, in 
addition, at least one unidentified flatulence factor.
Abou-Guendia and D'Appolonia (1972) reported that 
the trisaccharide raffinose, and not stachyose, was a 
constituent of the wheat kernel. However, commercial 
wheat cereals and milling fractions containing raffinose 
and stachyose showed higher flatulence than the control 
(Hickey et al., 1972).
The gas producing factors of legumes seem to be the 
high molecular weight oligosaccharides since they are 
not easily fragmented, and are too large to be readily 
absorbed through the intestinal walls. The magnitude of 
gas production varies with molecular weight. The tetra- 
saccharide, stachyose, has marked effect as a flatulence 
factor while raffinose, a trisaccharide,has a relatively 
lesser effect (Cristofario et al., 1974).
Murphy et al. (1972) reported that flatus active 
fractions of dry beans contained fructose, sucrose, 
raffinose, stachyose, and at least four polypeptides, and 
constituted 6 .2% of the original cooked whole beans.
Rackis (1974) showed that sucrose did not contri­
bute to flatulence. When sucrose was added to soy iso­
late, gas production was the same as in soy isolate. 
However, addition of raffinose resulted in more than
16
twice the gas production for the soy product alone.
It is known that flatulence inducing factors of 
legumes vary among varieties and strains. Generally, 
the tetrasaccharide occurs in greater quantity than the 
trisaccharide. Naivikul and D'Appolonia (1978) investi­
gated carbohydrate content of several legumes and re­
ported a range of 0.24 - 0.43% for raffinose and 0.80 - 
2.97% for stachyose on a dry weight basis. It appears 
that both raffinose and stachyose contents of cowpeas 
are even higher. Analyses of 13 American cultivars of 
cowpea (Vigna sinensis) showed raffinose in the range of 
1.1 - 1.3%,and stachyose ranged from 2.9 to 4.1% on a 
dry weight basis (Akpapunam and Markakis, 1979).
Several researchers have suggested methods of 
eliminating oligosaccharides in legumes. Yau-Lai Lo et 
al. (1968) demonstrated that prolonged soaking of soybeans 
resulted in reduction of stachyose. Omosaiye et al.
(1978) combined soaking and ultrafiltration to remove 
soybean oligosaccharides. They showed that a two-step 
ultrafiltration removed as much as 96% of the oligo­
saccharides present in the soybean water extract. While 
this method reduced the oligosaccharides in the extract, 
their results showed that the meal contained substantial 
quantities of the oligosaccharides that rendered it 
undesirable for use in infant formulations.
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Small amounts of an enzyme preparation from 
Aspergillus saitoi were reported to be capable of com­
plete hydrolysis of the galacto-oligosaccharides of 
soybean (Sugimoto and van Buren, 1970) . Lazo et al.
(1977) observed that Saccharomyces carlsbergensis 
produced enough galactosidase during fermentation of 
edible beans to eliminate the oligosaccharides. Cowpeas 
subjected to 4 days of natural fermentation at 25°C 
resulted in complete elimination of both raffinose and 
stachyose (Zamora and Fields, 1979a). Recently, it was 
also demonstrated that the yeast, Pichia guilliermondii 
could remove raffinose and stachyose from soybeans 
(Church, 1978) .
Cereal-Legume Blends
Pioneer work in this aspect of infant food formula­
tion was carried out at the Institute of Nutrition for 
Central America and Panama (INCAP) some twenty years ago, 
with the formulation of all-vegetable protein mixtures 
for human feeding. Most of these mixtures were thera­
peutic for treating kwashiorkor infants. In recent years, 
research in infant food development has taken a more 
preventive stance.
Squibb et al. (1959) reported that a corn-based 
vegetable mixture (INCAP 8) was nutritionally capable
18
of stimulating growth in laboratory rats without added 
animal protein. They noted, however, that with corn 
starch dilution, lysine supplementation was required 
to obtain similar growth responses. A corn-bean mixture, 
in which 50% of the protein was provided by corn, failed 
to reverse kwashiorkor symptoms in infants (Scrimshaw 
et al., 1961).
Mixtures of various indigenous Haitian beans with 
rice, corn or sorghum proved nutritionally adequate for 
rats. Maximal feed efficiency and consequently best PER 
were obtained when beans constituted more than 20% 
(Sirinit et al., 1965). This group reported that supple­
mentation with isoleucine failed to stimulate growth. It 
was also noted that the protein quality of these mixtures 
were similar to those of the Incaparina series.
King et al. (1966) tested various cereal-bean 
(Phaseolus vulgaris) mixtures with pre-school children in 
which beans contributed 30%. They obtained satisfactory 
results. Anthropometric data indicated significant im­
provement when corn-bean, rice-bean or sorghum-bean 
mixtures provided 90% of the protein. Results held when 
feeding lasted for up to 16 weeks and protein malnutri­
tion symptoms were reversed.
Oliveira et al. (1967) reported the development of a 
corn-soy flour food mixture for Brazilian children.
Except for sulfur-containing amino acids, the amino acid
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profile resembled that of the then FAO/WHO reference 
pattern. Metabolic studies revealed that when this 
mixture was fed to malnourished children as the sole 
source of food, both nitrogen absorption and retention 
were lower than those of cow's milk. With normal children 
using the mixture as a food supplement, opposite results 
were reported (Oliveira and Souza, 1967).
Jelliffe (1967) proposed several home-made weaning 
foods based on cereal-legume blends. One, capable of 
maintaining good nutrition,was reportedly obtained from 
a wheat-chickpea flour mixture of 2:1 ratio (Selinus,
1970). A maize-bean (Phaseolus vulgaris) mixture was 
successfully developed in Tanzania. Although anthropo­
metric increases were not overwhelming, clinical, bio­
chemical, and organoleptic results were reportedly en­
couraging (Kreysler, 1971).
Akinrele (1966) reported that when 1akamu1 was 
blended with full fat soy flour in the ratio of 7:3, the 
PER was increased three-fold. A maize-soy blend called 
'Soy-Ogi' was developed at the Federal Institute of 
Industrial Research, Nigeria, at one-third the cost of 
branded infant foods (Akinrele et al., 1970). Nutri­
tional evaluation of the product indicated that the ' soy- 
ogi1 was capable of restoring normal health to kwashiorkor 
infants, though weight gain was slow (Akinrele and 
Edwards, 1971).
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Graham et al. (1972) examined the protein quality of 
wheat or oat-soy blends with infants and children, and 
reported that the biological values of the mixtures were 
adequate, with that of oat-soy being higher. It was 
also noted that in wheat-soy mixtures, protein utiliza­
tion was significantly lowered by poor digestibility but 
was unaffected in the oat-soy blend.
Soybean was reported to improve the nutritional 
quality of maize-based diets intended for children. PER 
of 2.54 was obtained with 72:28 ratio of maize-soybean 
blend as opposed to PER of 0.69 and 2.03 for whole maize 
and soybean respectively (Bressani et al., 1974).
Recently, it was reported that optimum soybean supplementa­
tion of corn falls between 8 and 12%. The PER of samples 
above 12% were not improved significantly (Bressani et 
al., 1979) .
Oke (1975) observed that the point of maximum 
benefit for maize and cowpea mixtures was at the triple 
point, which corresponds to a ratio of 72:28. At this 
ratio, each of the components contributed 50% of the 
total protein.
The PER of a common bean (Phaseolus vulgaris): 
soybean:rice (2:1:7) mixture was reported to be higher 
than the PER of the individual products (Sgarbieri et 
al., 1978). This suggests marked improvement in the 
amino acid profile of the mixture over the individual
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products.
Recently, Cheryan et al. (1979) reported prepara­
tion of a cereal weaning food fortified with up to 40% 
soybean. Sensory attributes showed a general decline 
with increased proportions of soybean. Optimum protein 
quality of the weaning food was achieved at 20% soybean 
level with either corn or rice.
Corn-MiIk-Legume Blends
In an effort to improve the nutritive quality of 
corn-legume mixtures, milk protein was introduced (Senti 
et al., 1967). Both whey protein concentrate and non-fat 
dry milk have been successfully used to achieve this 
goal in the corn/soy/milk (CSM) series (Bookwalter et al., 
1971; Anonymous, 1977). The higher levels of sulfur 
amino acids, lysine, and threonine in whey coupled with 
low cost gives it an advantage over nonfat dry milk.
Hayes et al. (1978) noted that corn/peanut/whey or 
corn/cottonseed/whey protein concentrate fortified with 
L-lysine monohydrochloride at proper levels resulted in 
better protein quality than CSM. This was attributed to 
the high essential amino acid levels in whey protein 
concentrate. However, it was also observed that increases 
in corn levels above the optimum, resulted in considerable 
reduction in chemical score of both products. In a
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similar investigation, a reduction of 0.7 in PER was re­
ported when soybean in CSM was replaced by peanut. The 
PER of corn/peanut/milk blend was improved by addition 
of 0.3 - 0.5% L-lysine hydrochloride. Combination of 
lysine and methionine did not further improve the pro­
tein quality (Bookwalter et al., 1979).
The nutritive value of several foods intended for 
infants and children was recently reviewed (Abrahamsson, 
1978) . Wide ranging differences in protein quality was 
revealed. It was suggested that these differences may be 
due to processing methods more than anything else.
MATERIALS AND METHODS
Sample Preparation
Shelled, whole yellcw corn (Zea mays) used in this 
study was obtained from Ralston Purina Co., St. Louis,
Mo. through a local feed store. The corn grains were 
visually screened and then soaked in water in the ratio 
of 1:3 for 12 hours at room temperature. The grains were 
rinsed, ground with a worm-screw grinder to reduce the 
particle size, and finally wet ground with a Waring 
blender.
The paste was wet sieved through a U.S. standard 
sieve #20 (20 mesh) with addition of sufficient water to 
facilitate sieving. After sitting for two hours, the 
spent-liquor was removed by decanting. The starchy paste 
thus recovered was saved while the liquor was discarded.
Cowpeas (Vigna sinensis) were obtained from B. F. 
Trappey's Sons, Lafayette, Louisiana. The cowpeas were 
first inspected and defective beans and debris removed. 
Following inspection, the cowpeas were soaked in tap 
water in the ratio of 1:3 for 12 hours at room tempera­
ture. Removal of the seed coat was achieved by rubbing 
the soaked cowpeas between the palms of the hand and the 
cotyledons manually separated. Dehulled cowpeas were 
rinsed, initially ground with a worm-screw grinder, and 
finally ground with a Waring blender into a paste.
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The starchy paste from the corn and the paste from 
the cowpea were thoroughly mixed into a slurry with a Sun­
beam Mixmaster (Model J). The resulting slurry was drum 
dried with a laboratory atmospheric drum drier (General 
Food Package Equipment Corp., Benton Harbor, Michigan).
The drier was fitted with twin drums (9h inches long, 5h 
inches in diameter) having a clearance of 0.0625 inches 
and was internally heated by steam at 50 psi. Drum speed 
of 3.16 rpm was maintained throughout the operation with 
periodic feeding of the slurry.
Sheets of dried flakes were further ground into 
powder in a laboratory Model #2 Wiley mill to pass 1.0 mm 
mesh screen. The samples were stored in polyethylene 
bags at room temperature before analyses. The general 
process for preparation of corn-cowpea formula is pre­
sented in Figure 2. In all the processing methods, corn: 
cowpea ratios of 4:1, 3:1, 3:2, and 1:1 were used.
In a second preparation of corn-cowpea mixtures, the 
cowpea slurry was allowed to undergo natural fermentation 
at room temperature for 48 hours. At the end of fermenta­
tion, paste from unfermented corn was added and the 
general procedure described earlier was followed.
In a third preparation, the dehulled cowpeas were 
blanched for 6 minutes at 100°C and then ground into a 
paste. The paste was autoclaved, cooled, and inoculated 
with Pichia guilliermondii.
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Soak
Soak
Corn
Grind
Mix
Rinse
SieveRinse
Dehull
Residue
Grind
Residue
Grind
Inspect
Inspect
LiquorDecant
Formula
Drum dry
Figure 2: General Flow-chart for Preparation of Corn-
Cowpea Mixtures
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Nutrient agar slants were prepared using 3 g yeast
extract, 5 g peptone, 3 g diamalt, 25 g agar (Difco
Laboratories, Detroit, MI), 10 g D-glucose (Mallinckrodt
Chem. Works, St. Louis, MO) and made up to a liter. The 
slants were aseptically innoculated with 1.0 ml cell suspension
Pichia guillermondii Y 2075 and incubated at room 
temperature for 72 hours.
At the end of incubation, the slant was flooded with 
10.0 ml of sterile water and the suspension was used as 
the inoculum in each case. Fermentation was allowed to 
proceed for 72 hours with continuous shaking in an auto­
matic shaker. Following fermentation, paste from un­
fermented corn was added, mixed, and the general procedure 
followed.
Proximate Analysis
Ether extract and crude fiber of samples were deter­
mined by the methods of AOCS (1974) except that Goldfish- 
type fat extractors (Labconco Corp., Kansas City, Mo.) 
were used. Protein determination was by Kjeldahl method, 
using 6.2 5 as protein factor. Other analyses of samples 
were according to the methods of the AOAC (1975) . All 
analyses were done in duplicate. Carbohydrate was deter­
mined by difference, subtracting percentages of all other 
components from 100.
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Amino Acid Analysis
Samples (0.2 - 0.4 g) were mixed with 5.0 ml 
of 6 N HC1 in hydrolysis tubes and frozen in acetone-dry 
ice slurry. The tubes were sealed after applying vacuum. 
The samples were hydrolyzed in an oven set at 110°C for 
22 hours. Following hydrolysis, the samples were filtered 
with #30 Whatman filter paper into 250 ml round bottom 
distillation flasks containing 40 ml of acidulated dis­
tilled water (20 ml HCl/liter). The content was dis­
tilled to near dryness under reduced pressure in a water 
bath maintained at 55°C.
The residue was made up to 25 ml volume with sodium 
citrate buffer pH 2.2. The content was filtered through 
a pore size of 0.22 micormeter (Millipore Corp., Bedford, 
MA) before analysis. Amino acid analyses were per­
formed with 0.2 ml sample using a Beckman Amino Acid 
Analyzer (Model 116). The data were statistically 
analyzed.
Tryptophan Determination
Since tryptophan does not survive the usual acid 
hydrolysis of protein employed in the amino acid analysis, 
an alternative method of quantifying this amino acid was 
used. Enzymic hydrolysis, followed by colorimetric 
determination was used with slight modification of the
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method of Horacio and Bates (1969) .
A 270 mg aliquot of FeCl^ * 6^0 (Matheson Coleman & Bell, 
Norwood, Ohio) was dissolved in 0.5 ml distilled water 
and diluted to a liter with glacial acetic acid (J. T. 
Baker Chemical Co., Phillipsburg, N.J.). This solution 
was mixed with 30 N sulfuric acid in a 1:1 ratio about 
two hours prior to use. A 0.1 N sodium acetate buffer of 
pH 7.0 was prepared by mixing equal volumes of 0.1 N 
glacial acetic acid and 0.1 N sodium acetate with minor 
pH adjustment. Papain solution was made by dissolving 4 
mg of papain powder (ICN Pharmaceuticals, Cleveland, Ohio) 
per ml of sodium acetate buffer. This solution was 
prepared daily.
A standard curve calibration (Figure 3) was performed 
using DL-tryptophan (ICN Pharmaceuticals, Cleveland, Ohio). 
One hundred milligrams of this amino acid was dissolved 
in 100 ml of distilled water. Final dilutions containing 
10, 20, 30, 40, and 50 yg/ml of tryptophan were prepared 
by pipetting 1, 2, 3, 4, and 5 ml, respectively, of the 
working solution into individual 100 ml volumetric 
flasks. The flasks were then made up to volume with 
distilled water.
Four milliliter portions of these concentrations were 
maintained at oven temperature of 65°C for 6 hours. At 
the end of this heating period, 1.0 ml aliquots were 
transfered to test tubes containing 4.0 ml ferric
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chloride:sulfuric acid mixture. Color development was 
achieved with vigorous shaking followed by 15 minutes of 
heating at 65°C. Absorbance was read at 545 nm with a 
Beckamn Spectrophotometer (Model 25) after cooling to 
room (22°C) temperature.
Between fifty and one hundred milligrams of each 
corn:cowpea mixture were weighed into individual culture 
tubes (16 x 150 mm). Four milliliters of papain solution 
were added, shaken vigorously, and capped. The tubes were 
placed in an oven maintained at 65°C, for 6 hours.
During the first 4 hours, the tubes were vigorously shaken 
every hour to facilitate hydrolysis.
At the end of hydrolysis, 1.0 ml of each hydrolysate 
was pipetted into individual test tubes containing 4.0 ml 
ferric chloride:sulfuric acid mixture. The mixture was 
thoroughly shaken and returned to the oven for 15 minutes 
to develop color. The absorbance of each sample was read 
at a wavelength of 545 nm using Beckman Spectrophotometer 
(model 25) after cooling to ambient temperature (22°C).
Available Lysine
Determination of available lysine in the various 
samples was based on the reaction of the e-amino group 
of lysine with methyl acrylate after the procedures of 
Finley and Friedman (1973) . One hundred milligrams of
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sample were suspended with 10 ml of 0.1 M sodium borate 
(Mallinckrodt Chemical Works, St. Louis, MO.) in an 
Erlenmeyer flask. Excess methyl acrylate (Fisher 
Scientific Co., Fair Lawn, N.J.) was added under the 
hood and the flask tightly stoppered. The sample was 
incubated at room temperature with continuous agita­
tion for 24 hours.
Following incubation, the content of the flask was 
quantitatively transfered to a dialysis tube. Dialysis 
was accomplished within 24 hours with six changes of 
water. The dialysed sample was frozen and freeze dried. 
For each sample, a non-alkylated control was similarly 
treated. The lypholized samples were acid hydrolysed 
and analyzed with the amino acid analyzer as described 
earlier. The difference in lysine content between the 
alkylated and non-alkylated control represented the 
available quantity.
Molecular Weight Determination
The nature of protein fractions in selected samples 
of the corn:cowpea mixtures was investigated using 
sodium dodecyl sulfate (SDS) gel electrophoretic method 
after Clark and Switzer (1977). Details of the reagents 
are presented in Appendix 1.
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SDS gel was prepared by mixing 2.0 ml SDS buffer 
solution, 1.8 ml acrylamide solution, 5 yl of TEMED, and 
0.2 ml of freshly prepared ammonium persulfate solution 
away from flourescence light. With a Pasteur pipette, 
the gel solution was filled into electrophoresis glass 
tubes in which one end had been wrapped with parafilm.
The tubes were filled carefully without trapping air to 
within 2 cm of the top. Polymerization of the gel was 
achieved by exposing the filled tubes to light. The top 
ends of the tubes were covered with parafilm and stored 
in a refrigerator until ready for use.
Authentic protein solutions were prepared by dis­
solving each of 1-2 mg albumin from bovine serum, rabbit 
serum aldolase, and phosphorylase b from rabbit muscle 
per ml of deionized I^O. Proteins were extracted from 
corn:cowpea blends with IN NaCl solution and concentrated 
under reduced pressure. To 40 yl aliquot of each protein 
solution, 5 yl beta mercaptoethanol and 5 yl 10% SDS 
solutions were added. The mixtures were heated in 
boiling water for 5 minutes. After cooling to room 
temperature, 50 yl of tracking dye was added.
Both chambers of the gel electrophoresis system were 
filled with SDS buffer solution. The gel tubes were 
marked and set on the system. To each of the tubes was 
added the protein solution containing tracking dye. The 
system was operated at 8 milliamps per tube. After the
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tracking dye had travelled to about 2 cm short of the 
bottom tip, the system was stopped.
The tube was broken to free the gel. With a sharp 
razor blade, the gel was cut at the point the tracking 
dye stopped. With the advancing end downward and the 
initial end up, the gel was placed in a culture tube.
The tube was filled with staining solution, tightly 
capped, and left for 24 hours at room temperature. Gel 
washing was accomplished by decanting the solution in the 
tube without removing the gel and replacing it with de- 
staining solution. This was repeated until distinct 
protein bands were visible on the gel.
Relative mobility of the protein fractions was cal­
culated using this relationship:
„ , . , .. . ^  distance travelled by protein fraction
Relative mobility - distance travelled by tracking dye
Relative mobilities and molecular weights (Table 1) 
of the authentic proteins were used to plot a standard 
curve. The standard curve (Figure 4) was constructed by 
plotting log molecular weight of protein against relative 
mobility since relative mobility is a log function of 
the molecular weight of the protein fractions.
34
Table 1. Relative Mobility of Standard Proteins
Protein
Molecular
Weight
Relative
Mobility9
Albumin (bovine) 67,000 0.70(+.003)b
Aldolase (rabbit
muscle) 149,100 0.45(+.000)
Phosphorylase b 250,000 0.19(+.005)
aAverage values 
Figures in bracket indicates ranges
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Growth Response
Growth responses were monitored using 21-day old 
male weanling rats of the Sprague-Dawley strain. Rats 
were randomly assigned (2 rats/cage) to cages and the 
experimental diets. The animals were fed for 3 days of 
adjustment.
Experimental diets contained 10% protein contributed 
by the corn:cowpea mixtures or vitamin free casein, 6% 
salt mixture XIV, and 2% total vitamin supplement (U.S. 
Biochemical Corp., Cleveland, Ohio), 4% corn oil, enough 
cellulose to bring the crude fiber level to 10%, and 
where applicable, corn starch to complete the diet. The 
non-protein group had the same ingredients except for 
protein. Water and food were provided ad libitum for 10 
days.
Determination of Oligosaccharides
A 5 g sample of each mixture was covered with 100 ml 
of 70% ethyl alcohol (v/v) in Erlenmeyer flask, con­
tinuously agitated for 12 hours, and filtered. The 
residue was further washed with another 50 ml of 70% 
ethanol. The combined extracts were concentrated at 40°C 
using a rotary evaporator. The resulting syrup was made up 
to 15 ml with distilled H20.
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The sample was filtered through 0.45 micron milli- 
pore filter before injecting 0.2 ml sample into the HPLC
system. Analyses for stachyose and raffinose were made 
by High Performance Liquid Chromatography using a differen­
tial refractometer detector, Model 401/004 (Waters 
Associates, Milford, MA). The solvent system used was 
70% acetonitrite and 30% 0.0025 M at pH 5.0. Flow
rate of 2.4 ml/min and a pressure of 1200 psi were 
maintained throughout the operations.
Earlier, runs with 1.62, 2.75, 4,34, and 5.49 g per 
liter of standard raffinose and 2.63, 3.95, 5.26, and 
6.58 g per liter of standard stachyose (ICN Pharmaceutical 
Inc., Cleveland, Ohio) were made under the same conditions.
A standard curve using raffinose was obtained by 
plotting the height of each peak against the corresponding 
concentration (Figure 5). A similar standard curve was 
obtained for stachyose (Figure 6). The concentrations 
of these oligosaccharides obtained from the standard 
curves (Appendices 8 and 9) were converted to g per 100 g 
of dry sample. The results were statistically treated.
The oligosaccharide concentrations of the samples 
were confirmed using the following equations derived 
from Least Square analysis of the peak heights.
R = 0.45H - 0.18 .......................(1)
S = 0.74H - 0.39  ................... (2)
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where
R = raffinose concentration (g/1) 
S = stachyose concentration (g/1) 
H = peak height (cm)
RESULTS AND DISCUSSION
Fermentation of the cowpea paste resulted in a pH 
drop. The pH of the naturally fermented sample dropped 
from an original value of 6.38 to 4.20. The drop in the 
yeast fermented sample was not as great. The pH of the 
yeast fermented sample was 5.60, resulting in only a 
decline of 0.78 in pH as opposed to 2.18 observed in the 
naturally fermented sample. A similar decline in pH of 
fermented cowpea slurry was reported by Zamora and 
Fields (1979a), who identified lactic acid organisms as 
the ferment.
Proximate Analysis
Composition of the various corn:cowpea blends and 
those of the individual components are presented in Table 
2. Analysis of the corn:cowpea mixtures showed that 
protein levels were higher than that of corn but lower 
than cowpea. This would be expected since the protein 
levels of the individual components are so far apart.
The results showed a definite trend of increased protein 
as the level of cowpea increased. Statistical analysis 
showed that the protein levels among the various corn: 
cowpea combinations were significantly different (P<.05).
The total nitrogen, and consequently per cent 
protein, increased in fermented samples with the yeast
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Table 2. Proximate Analysis of Samples (g/100 g)
Codea
Carbo­
hydrate Protein
Ether
extract Moisture Ash
Crude
fiber
Corn 77.82 8.35 3.48 9.03 1.32 -
Cowpea 64.35 22.06 1.49 8.36 3.74 -
A - 1 73.20 11.87 1.04 11.14 1.75 1.0
A - 2 74.03 11.97 1.06 10.12 1.72 1.1
A - 3 74.98 12.71 0.65 9.02 1.34 1.3
B - 1 75.51 12.81 0.81 7.87 1.80 1.2
B - 2 73.66 12.92 0.84 9.47 1.91 1.2
B - 3 73.95 13.13 0.53 9.35 1.74 1.3
C - 1 72.44 13.97 0.87 9.28 2.24 1.2
C - 2 66.81 14.28 0.69 14.47 2.25 1.5
C - 3 73.68 15.44 0.65 6.43 2.20 1.6
D - 1 68.81 15.86 0.66 10.68 2.79 1.2
D - 2 69.54 15.96 0.72 9.90 2.38 1.5
D - 3 73.90 16.49 0.64 5.32 2.25 1.4
A
B
C
D
Corn:cowpea (80:20) 
Corn:cowpea (67:33) 
Corn:cowpea (60:40) 
Corn:cowpea (50:50)
1 = Non-fermented
2 = Naturally fermented
3 = Yeast-fermented
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fermented samples showing highest increases. Analyses 
also indicated significant differences among sample 
treatments (Appendix 2). These observations are in 
agreement with those of Zamora and Fields (1979a) who 
observed highly significant protein increases in fermented 
cowpeas. The increased protein level in fermented samples 
could be attributed to protein contributed by the micro­
organisms. The higher increase observed with yeast 
fermentation could be related to higher efficiency of the 
pure culture over the mixture of microorganism in natural 
fermentation.
Ether extracts of the mixtures decreased with the 
percentage of corn. In most cases, fermentation reduced 
the amount of ether extract, and this could indicate break­
down of lipids. This reduction in lipid content was 
generally greatest in the yeast fermented samples.
The ash content of the blends increased as the 
proportion of cowpeas increased. An increase of 
approximately 28% in ash content resulted when cowpea 
levels were doubled. The increase reflected the higher 
ash content of cowpea over corn. As expected, treatment 
had little or no effect on ash content of the mixtures.
Comparison of the non-fermented samples indicated 
that composition of the blends did not affect the crude 
fiber contents. The crude fiber level increased with 
fermentation, especially with yeast fermentation of
44
cowpea. Fermentation was expected to break down the 
complex plant materials. Since such breakdown is never 
complete, a small quantity of the complexes remained.
The increase in crude fiber might be due to the chitina- 
ceous nature of microbial cell walls.
Biological Responses
Table 3 shows the biological responses of rats fed 
different corn:cowpea mixtures. Although the protein 
efficiency ratio (PER) of the various samples was lower 
than those of casein, some treatments have comparable 
values. The yeast-fermented samples showed superior 
biological value over the other samples as evidenced by 
the PER. The non-fermented samples were not different 
from the naturally fermented group.
Based on proximate analysis, the naturally fermented 
samples would be expected to have better PER than the 
non-fermented group. Surprisingly, the reverse was ob­
served. It was possible that fermentation by the mixed 
culture resulted in amino acid inbalance which reduced 
biological value. Another possible explanation is that 
a greater proportion of the nitrogen in the naturally 
fermented samples was non-protein nitrogen. These 
theories may well explain why the significant difference 
in the protein level were not supported by biological 
response.
Table 3. Biological Response of Rats fed Corn:Cowpea Mixtures3
Weight
gain
(g)
Food
Intake
(g)
Protein
Intake
(g) PERb NPRb
Liver
Weight
(g)
Casein 22.42(3.85)° 71.30(3.54) 7.13(0.35) 3.14(1.09) 100(1.04) 3.3(1.85)
Corn:Cowpea (80:20)
Non-fermented 
Naturally fermented 
Yeast-fermented
16.83(3.66) 
14.20(2.77) 
14.20(2.80)
64.58(4.72)
54.00(3.18)
49.10(2.25)
6.46(0.47)
5.40(0.32)
4.91(0.23)
2.61(0.66)
2.63(0.33)
2.89(0.48)
74(0.28)
66(0.31)
73(0.30)
3.8(0.86)
3.5(0.71)
3.5(1.39)
Corn:Cowpea (67:33)
Non-fermented 
Naturally fermented 
Yeast-fermented
25.17(2.42)
21.33(4.0)
22.19(5.16)
86.20(5.43)
82.50(4.72)
76.08(3.50)
8.62(0.54)
8.25(0.47)
7.61(0.35)
2.92(0.57)
2.59(0.56)
2.92(0.32)
94(0.30) 
81(0.37) 
92(0.28)
3.9(1.44)
4.4(0.87)
3.9(0.84)
Corn:Cowpea (60:40)
Non-fermented 
Naturally fermented 
Yeast-fermented
24.90(1.94)
15.70(3.92)
23.10(4.05)
85.00(3.72)
56.88(3.44)
77.40(5.02)
8.50(0.37) 
5.69(0.34) 
7.74 (0.50)
2.93(0.48)
2.76(0.85)
2.98(0.22)
94(0.39)
94(0.66)
95(0.19)
4.7(1.53)
3.9(1.36)
4.2(1.08)
Corn:Cowpea (50:50)
Non-fermented 
Naturally fermented 
Yeast-fermented
21.08(2.29)
17.30(2.80)
17.50(4.83)
81.00(3.61)
73.30(7.64)
59.10(3.31)
8.10(0.36)
7.33(0.76)
5.91(0.33)
2.60(0.45)
2.36(0.32)
2.96(0.71)
81(0.36)
67(0.31)
86(0.70)
4.2(0.42)
3.5(0.51)
3.6(1.00)
All values represent averages of 10 rats. 
blO-day study period.
cFigures in parenthesis are standard deviations.
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The status of non-protein nitrogen in nutrition has 
not been clearly defined. It has been suggested that 
non-protein nitrogen could be metabolically available 
for protein synthesis thus sparing some essential amino 
acids (Irwin and Hegsted, 1971; Kies et al., 1972). How­
ever, results of rat feeding tests indicate that maximum 
growth could not be attained with non-protein nitrogen 
(Prior et al., 1973). It is evident that the high 
nitrogen levels expressed in Table 2 did not translate 
into growth. Obviously, the amount of non-protein 
nitrogen participating in protein synthesis must be small.
Corn:cowpea ratios evidently affected PER values.
It can be seen that PER of the mixtures increased with 
cowpea concentration up to 40% (Table 3). This observa­
tion would indicate that the maximum beneficial ratio 
would fall between 33 and 40% cowpea.
It has been reported that maximum biological 
benefit from corn:cowpea mixture was obtained when each 
component contributed 50% of the protein, which is 
equivalent to 72:28 ratio of the meals (Oke, 1975;
Bressani, 1977). Results obtained in this study are in 
agreement with these reported figures. The loss of corn 
residue and the associated amino acids in the processing 
steps of this experiment shifted the ratio in favor of cow­
pea. Outside this range, the PER of the mixture did not improve.
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At lower cowpea and higher corn levels, 
lysine and tryptophan contributed by cowpeas improved 
the protein quality of the mixture, but not sufficiently 
to give maximum benefit. Beyond that level reported for 
maximum benefit, the overall protein content of the 
mixtures increased, (Table 2) but not the PER. Because 
cowpeas are highly deficient in the sulfur-containing 
amino acids, especially methionine, reduced cowpea 
levels lowered the concentrations of these amino acids in 
the mixture. This phenomenon is responsible for the low 
quality of the protein as reflected in the PER.
The PER of drum-dried cowpea powder was reported to 
be 1.64 (Onayemi and Potter, 1976). Adeniji and Potter 
(1978) obtained PER values of -0.07 and 0.74 from drum 
dried normal corn ogi and opaque-2 corn ogi respectively. 
Results in Table 3 showed that the PER of all the samples 
were higher than those reported for individual components. 
Results further indicated the true complementation of 
corn and cowpea proteins.
As shown in Table 3, the PER obtained with 10% 
reference casein was 3.14, which is higher than the 2.5 
adopted for the Animal Nutritional Research Council (ANRC) 
10% casein diet. The observed value is, however, in agree­
ment with some reported results (Hegarty 1975) .
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As indicated, the PER determination in this study 
lasted for 10 days. Hegarty (1975) strongly criticized 
determination of PER based on less than 28-day feeding 
period due to high values. However, it was shown that a 
two week assay was as good as 28-day assays when the PER 
values were adjusted. A two week adjusted PER determina­
tion reflected 97-103% of the 28-day assay (Hackler, 1977).
Adjustment of the PER values obtained in this study 
to 2.5 with respect to 10% ANRC casein gave comparable 
results. The results of the adjusted PER are presented 
in Appendix 3. Based on this, a 10~day feeding study 
should provide a reliable indication of protein quality.
A major criticism of the PER assay method has been 
its inability to make allowance for maintenance. Another 
point of criticism is the fact that it penalizes low 
quality proteins. To further evaluate the protein 
quality of the corn:cowpea mixtures, Net Protein Ratio 
(NPR) was also measured (Table 3). The biological 
response paralleled that reported earlier for PER.
The protein quality of the mixtures increased as 
cowpea content increased up to 33%. Beyond 40%, the 
protein quality of the mixture decreased. The NPR 
results therefore substantiated the PER results that 
maximum beneficial corn:cowpea combination for this 
product would occur between 33 and 40% of cowpea.
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Results indicated that corn:cowpea mixtures have 
good protein quality as measured by PER and NPR. It 
must be remembered that specie differences exist between 
the rat and human infant with regard to protein utiliza­
tion. A major significant difference is in biological 
response to protein depletion. While low protein diets 
have little or no effect on rat brain protein content, 
human infants lose significant brain protein when fed 
low protein diets. At low protein intake, rats exhibit 
better amino acid re-utilization than human infants 
(Garrow, 19 70). The difference notwithstanding, the 
mixtures have potential as infant food on the basis of 
biological responses.
Average rat liver weights are shown in Table 3.
As will be expected, overall weight gain was reflected in 
the liver weights. Better protein quality did not 
translate into higher liver weight as the average liver 
weight of rats on casein was lower than the corn:cowpea 
mixtures. Rats on poorer proteins tended to have larger 
livers. It was possible that the low quality proteins 
were less involved in protein synthesis but were stored 
in the liver. Statistical analysis, furthermore, showed 
no significant difference in liver weights (Appendix 4).
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Amino Acid Profile
Amino acid composition of the corn:cowpea blends 
and the individual components are presented in Table 4. 
Cowpeas showed marked deficiency of the sulfur-containing 
amino acids, but high lysine content; a characteristic 
of the legume family. The essential amino acids showed 
good balance except for methionine. Only a trace of 
cystine reported as half-cystine was observed in raw 
cowpeas.
Corn showed higher sulfur-containing amino acids, 
but lower lysine, than cowpeas. Tryptophan in cowpeas 
was also higher than in corn. The high quantity of 
leucine in corn was significant since this factor is known to 
cause growth depression. High levels of leucine in corn 
has been blamed for its poor nutritional quality, 
especially in human feeding (Kies and Fox, 1972) .
It would be expected that the amino acids high in 
one component but low in the other, would at least be 
higher in the mixtures than in the component with lower 
value. This was not always found. For example, 
both methionine and isoleucine were lower in cowpeas than 
in corn, but the corn:cowpea mixtures showed even lower 
values than in cowpea despite the relatively high levels 
in corn. The reason is probably due to losses of these 
amino acids during preparation of the slurry. Only about
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Table 4. Amino Acid Composition of Corn, Cowpea, and 
Corn:Cowpea Mixtures
g/16 g N Co
rn
C
o
w
p
e
a Corn:Cowpea 
(80:20)
I"" 2 ' 3
Corn:Cowpea 
(67:33)
~I~".'2 3
Lysine 2.4 3.9 1.7 1.8 1.7 1.8 2.0 1.7
Histidine 2.7 2.3 1.2 1.6 1.6 1.0 1.4 1.4
Ammonia 2.3 1.4 0.9 1.1 1.0 0.9 1.1 1.0
Arginine 3.5 3.5 2.0 2.0 3.0 1.7 2.1 1.8
Aspartic acid 6.5 5.9 4.3 3.1 3.8 2.8 4.5 3.1
Threonine 4.4 2.3 1.3 1.2 1.7 1.1 1.7 1.2
Serine 5.1 2.6 1.6 1.6 2.1 1.3 2.0 1.5
Proline 7.7 3.2 2.2 2.7
C"•
CM 1.8 2.5 2.2
Glutamic acid 18.5 11.7 6.7 7.0 7.9 5.4 8.2 6.6
Glycine 3.1 2.4 1.5 1.5 1.8 1.2 1.6 1.3
Alanine 7.0 2.6 2.0 2.1 2.7 1.6 2.3 1.9
Valine 4.0 3.4 2.0 2.1 2.2 1.6 2.3 1.9
Half Cystine 1.1 T 0.9 0.9 T 0.9 1.1 T
Methionine 1.3 0.6 0.5 0.4 0.5 0.4 0.5 0.3
Isoleucine 3.0 2.7 1.5 1.6 1.6 1.2 1.8 1.5
Leucine 11.0 4.6 3.5 4.3 3.9 2.7 4.1 3.3
Tyrosine 2.0 0.9 0.9 0.9 0.8 0.6 0.5 0.6
Phenylalanine 4.6 3.1 2.0 2.2 2.0 1.6 2.3 1.9
Tryptophan 0.4 0.7 0.5 0.4 0.2 0.5 0.4 0.2
1 Non-fermented
2 Naturally fermented
3 Yeast-fermented 
T Trace
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Table 4. Continued
g/16 g N
Corn:Cowpea 
(60:40)
Corn:Cowpea 
(50:50)
1 2 3 1 2 3
Lysine 2.0 2.9 3.1 2.8 2.4 3.6
Histidine 1.2 1.3 2.6 1.2 2.0 2.9
Ammonia 1.0 1.0 1.4 0.8 1.0 1.7
Arginine 2.2 2.1 2.5 2.3 2.2 3.7
Aspartic acid 4.0 4.4 6.7 4.5 4.6 8.6
Threonine 1.4 1.7 2.3 1.5 1.7 2.9
Serine 1.3 1.9 3.0 1.7 1.9 3.2
Proline 2.2 2.2 3.4 2.2 2.3 4.2
Glutamic acid 7.0 7.8 11.5 8.0 7.9 15.1
Glycine 1.5 1.6 2.4 1.7 1.6 2.9
Alanine 1.9 2.2 3.3 2.1 2.2 4.0
Valine 2.2 2.3 3.4 2.1 2.4 4.2
Half Cystine 1.0 1.3 T 1.3 1.4 1.0
Methionine 0.4 0.5 0.5 0.3 0.6 0.9
Isoleucine 1.6 1.9 2.3 1.3 1.9 3.3
Leucine 3.5 3.8 5.4 5.6 3.9 6.0
Tyrosine 0.7 1.1 0.8 1.2 1.6 1.6
Phenylalanine 2.1 2.3 3.0 2.2 2.7 3.9
Tryptophan 0.5 0.3 0.2 0.6 0.4 0.4
1 Non-fermented
2 Naturally fermented
3 Yeast-fermented 
T Trace
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40% of methionine and 47% of isoluecine were recovered 
in the slurry with similar processing (Akobundu and 
Hoskins, 1980). When corn and cowpeas, or any other 
raw materials, are blended, there is always a dilution 
factor with respect to the limiting amino acids. This 
phenomenon could further aggravate the amino acid in­
balance.
Generally, the level of methionine in the corn: cowpea
blends was relatively low due to its low level in cowpea. 
Methionine predictably decreased with increasing cowpea 
level. The variation in methionine content of the samples 
was noticeable. Similar variations of methionine 
had been reported and were blamed on sample manipulation 
(Knipfel et al., 1971). The variations observed could 
be attributed more to sample treatment rather than 
sample manipulation.
The cystine content reported as half-cystine was 
low with only trace amounts present in some treatments.
This resulted in lower total sulfur-containing amino 
acids in the mixtures than in corn, but higher than in 
cowpeas. The tryptophan level in the mixture was about 
the same as found in the raw materials. The isoleucine: 
leucine ratio in the corn:cowpea blends were closer to 
the ratio in cowpeas, and would be expected to improve 
the protein quality of the mixtures.
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The corn:cowpea ratio did not seem to alter the 
amino acid contents of the blends very much. For 
example, histidine levels especially in the non-fermented 
samples did not reflect changes in corn:cowpea ratios. 
However, with some amino acids, the levels increased with 
the concentration of the component in which they appeared 
in greatest levels. The differences among samples were 
statistically significant (P<.01).
Treatment significantly changed the overall amino 
acid pattern of the mixtures. Fermentation increased the 
amino acid level in all the samples. With most amino 
acids, the difference between non-fermented and yeast 
fermented samples was noticeable. On the other hand, 
differences between naturally fermented and yeast fer­
mented were not readily observed. Analysis of the total 
amino acids indicated significant differences among 
treatments (Appendix 5).
The Duncan's Multiple Range Test revealed little 
differences among blends (Appendix 6). Of the comrccwpea mixtures, 
the 60:40 and 50: 50 ratios showed significant difference (P<.05) 
in their amino acids when fermented. These two groups 
were different from the rest of the mixtures. It should 
be pointed out that Duncan's Multiple Range Test ranked 
the means of the amino acid values, and was not necessar­
ily a measure of superiority.
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Duncan's Multiple Range Test ranked the amino acid 
composition of cowpeas and yeast-fermented sample of the 
60:40 blend identical. The amino acid profiles of these 
two groups were about the same and were significantly 
different from the rest. The superiority of this group was 
evident in biological responses (Table 3), as indicated by 
both PER and NPR. It would be inferred that this sample 
had the best amino acid balance.
An interesting observation was that the yeast fer­
mented samples were lower in cystine than in methionine. 
Only trace amounts of cystine were obtained with 
yeast-fermented samples. It would appear that the 
yeast used up this amino acid, or converted it to non­
protein compounds. For the most part, methionine increased 
with natural fermentation.
Tryptophan levels were reduced in the yeast fermented 
samples. Comparison of the non-fermented and naturally 
fermented samples indicated that the tryptophan values 
were consistently higher in non-fermented groups. Fer­
mentation by mixed culture or Pichia guilliermondii there­
fore decreased tryptophan content of cowpea.
Other essential amino acids increased following fer­
mentation. This explained the higher biological responses 
noted earlier. The improved biological responses could 
not be attributed only to increases in total protein, but 
also to increases in essential amino acids. The increase
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in essential amino acids also improved the amino acid 
balance. The observation made here supports that of 
Zamora and Fields ( 1 9 7 9 a ) .
A possible reason for the variations in amino acid 
profile may be due to the effects of storage. Onayemi 
and Potter (1976) reported only slight variation in the 
amino acid content of drum dried cowpea powder stored at 
30°C for 6 months. Substantial losses were reported for 
lysine in drum dried corn products stored at 20°C for as 
little as 18 weeks (Adeniji and Potter, 1978). Since all 
the samples used in this study were not produced at the 
same time, the earlier ones were stored in plastic bags at 
room temperature before analysis. Some batches were 
stored for as long as 6 months.
Available Lysine
Lysine levels in the corn:cowpea blends remained 
high as shown by chemical analysis. Nutritionally, the 
amount of physiologically available lysine is as important 
as the amount originally present. It is common knowledge 
that heat treatment of protein in the presence of carbo­
hydrate results in considerable reduction in lysine via 
the Maillard reaction.
Cross-linking is another reason for poor availability 
of lysine. The reactive epsilon amino group of lysine
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makes it a prime candidate for either cross-linking with 
other compounds or participation in the Maillard reaction. 
In view of these possibilities, biologically available 
lysine was investigated both as an index of protein 
quality and as a measure of processing damage.
The methyl acrylate procedure was used instead of 
the often used fluorodinitrobenzene (FDNB) and trinitro- 
benzensulfonic acid (TNBS) methods because of its advantages 
(Finley and Friedman, 1973) . Table 5 shows total, bound, 
available, and percent available lysine in the corn:cowpea 
mixtures. The available lysine in the blends ranged from 
a low of 84.1% to a high of 97.2%. The amount of lysine 
available for complexing with other compounds obviously 
was small. Results indicated that the lysine 
in the mixtures was highly available for physiological 
use. The results further showed very little damage 
as a result of drum drying.
The percent available lysine increased with higher 
cowpea component in the mixture. This suggested that 
the lysine in cowpea protein may not be readily available 
for complexing with other compounds as in corn protein.
It is known that both amino groups of lysine participate 
in reactions, especially when lysine is the terminal 
amino acid of the protein. This may be the case with 
corn protein. The suggestion from this study that lysine 
in corn protein is more readily available for complexing
58
Table 5. Available Lysine Content of Corn:Cowpea 
Mixtures (g/16 n)
Total Bound Available % Available
Corn:Cowpea (80:20)
Non-fermented 1.7 0.16 1.54 90.6
Naturally fermented 1.8 0.11 1.69 93.9
Yeast-fermented 1.7 0.27 1.43 84.1
Corn:Cowpea (67:33)
Non-fermented 1.8 0.11 1.69 93.9
Naturally fermented 2.0 0.18 1.82 91.0
Yeast -fermented 1.7 0.19 1.51 88.8
Corn:Cowpea (60:40)
Non-fermented 2.0 0.15 1.85 92.5
Naturally fermented 2.9 0.08 2.82 97.2
Yeast-fermented 3.1 0.11 2.99 96.5
Corn:Cowpea (50:50)
Non-fermented 2.8 0.11 2.69 96.1
Naturally fermented 2.4 0.10 2.30 95.8
Yeast-fermented 3.6 0.11 2.49 96.9
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than lysine in cowpea protein draws support from earlier 
reports. Adeniji and Potter (1978) obtained about 70% 
available lysine for drum dried corn and corn products, 
while Onayemi and Potter (1976) reported 97% available 
lysine for cowpea similarly processed.
Corn:Cowpea Protein
The characteristics of protein from corn and cowpeas 
have been studied extensively. However, there are no 
reports on the protein mixture of the two raw materials.
An attempt was therefore made to separate the salt-soluble 
protein mixture by SDS gel electrophoresis.
Table 6 shows the relative mobility and the molecular 
weight of the protein subunits. Fermentation had 
significant effect on the molecular weight of 
the protein fractions. The nature of fermentation was 
reflected in the molecular weight also.
Non-fermented samples showed eight distinct electro­
phoretic bands. These ranged from a low molecular weight 
fraction of about 22,500 to a fraction with molecular 
weight of 212,500. The naturally fermented sample had 
only three bands with molecular weights between 32,500 
and 129,000. Only one band, corresponding to molecular 
weight of 27,500, was observed in the yeast fermented 
sample. This would suggest that the fermenting 
organisms degraded the protein to lower molecular weight
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Table 6. Molecular Weights of Corn:Cowpea Protein 
Fractions
Relative
Mobility
Molecular
Weight
Relative 
Cone.
0.92 22,500 £
0.84 39,000 h
0.68 75,000 m
0.56 108,000 m
Non-fermented
0.47 135,000 h
0.42 154,000 h
0.33 190,000 £
0.28 212,500 £
0.87 32,500 h
Naturally fermented 0.54 114,000 m
0.49 129,000 £
Yeast-fermented 0.89 27,500
Yeast-fermented:
Corn:Cowpea (80:20) 0.88 30,000
Corn:Cowpea (67:33) 0.89 27,500
Corn:Cowpea (60:40) 0.89 27,500
Corn:Cowpea (50:50) 0.90 26,000
£ = light 
m = medium 
h = heavy
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fractions. Microorganisms are known to break down protein 
during fermentation. The efficiency of this particular 
strain of Pichia guilliermondii in this regard was note­
worthy. Church (19 78) compared various yeasts in their a- 
galactosidase producing ability and noted the superiority 
of Pichia guilliermondii Y-2075. Since fermenting organisms 
contributed protein to the product, molecular weight of their 
protein fractions must have been low and similar to those 
of the breakdown products.
Another theory would be that the protein in the fer­
mented samples may have been contributed entirely by the 
fermenting organisms. The assumption would be that the 
proteins of the raw materials were used by the organisms. 
The theory is supported by the fact that only one band ap­
peared in the pure culture (yeast) fermentation. Several 
bands were visible in the mixed culture (natural) fermenta­
tion, possibly corresponding to the organisms present.
Column 4 shows the relative concentration of the 
various fractions (Table 6). In the non-fermented sample, 
the lower molecular fractions were more concentrated 
than the large molecular weight units. Also, in the 
naturally fermented group, concentration of.the low 
molecular weight fraction was higher than other fractions.
Results from yeast-fermented samples with varying
corn:cowpea composition did not reveal any differences.
Only one band was identified in each gel, indicating 
protein without subunit. Molecular weights were about 
the same, ranging from 26,000 to 30,000. This confirmed
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the implication that the proteins in the mixtures were 
mainly those contributed by cowpeas. Most of corn pro­
tein was lost during preparation of the slurry leaving 
only about 3.8 5% on a dry basis (Akobundu and Hoskins,
198 0). Another factor was that protein extraction 
favored the globulins of cowpeas.
The results obtained from the fractionation of the 
protein mixture, coupled with the biological responses, 
did not suggest that the protein with predominantly low 
molecular weight subunits was more nutritious. Any 
advantage the yeast-fermented samples had over the other 
treatments was possibly due to nutrients contributed by 
the yeast.
Removal of Oligosaccharides
Oligosaccharide determinations in the samples are 
presented in Appendices 8 and 9. Raffinose 
and stachyose contents of the corn:cowpea mixtures are 
shown in Table 7. There was no evidence of stachyose in 
raw corn as no peak was observed. Raffinose content was 
0.2% on a dry basis. Oligosaccharides measured in cow­
peas were 0.4 and 3.4% on a dry basis for raffinose and 
stachyose respectively. The results paralled those 
reported in the literature (Naivikul and D'Appolonia, 
1978, Akpapunam and Markakis, 1979).
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Table 7. Oligosaccharide Content of Corn, Cowpea and 
their Mixtures (g/100 g dry basis)
Raffinose Stachyose
Corn 0.2 0.0
Cowpea 0.4 3.4
Corn:Cowpea (80:20)
Non-fermented 0.4 2.4
Naturally fermented 0.2** 0.6**
Yeast-fermented 0.1** 0.0**
Corn:Cowpea (67:33)
Non-fermented 0.4 2.5
Naturally fermented 0.2** 0.6**
Yeast-fermented 0.1** 0.1**
Corn:Cowpea (60:40)
Non-fermented 0.4 3.3
Naturally fermented 0.2** 0.7**
Yeast -fermented 0.1** 0.1**
Corn:Cowpea (50:50)
Non-fermented 0.4 3.3
Naturally fermented 0.2** 0.5**
Yeast -fermented 0.2** 0.3**
* *
P < 0.01
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Raffinose in non-fermented samples was about 0.4% on 
the average, while stachyose value for non-fermented 
samples was 2.9%. In natural fermentation, the concentra­
tion of raffinose was 0.2, representing a 50% reduction.
The value for stachyose was 0.6 following natural fermenta­
tion. This value represented more than a 79% reduction 
in total stachyose .
Complete elimination of raffinose and stachyose from 
cowpeas following natural fermentation was reported by 
Zamora and Fields (1979a). These investigators carried 
their fermentation to 4 days before achieving complete 
elimination of the oligosaccharides. In our study, fer­
mentation lasted 48 hours. If the fermentation had pro­
ceeded to 4 days, complete removal of raffinose and 
stachyose would have been anticipated.
After fermentation with Pichia guilliermondii, 
stachyose level in the corn:cowpea mixture ranged from 0 
to 0.3 g per 100 g of dry weight. On the average, there 
was more than a 96% reduction of stachyose. Complete 
removal of stachyose was achieved in the mixtures with 
relatively small amounts of cowpeas. At the same time, 
raffinose was reduced by 75%.
With a constant amount of inoculum and increased pro­
portion of cowpeas, complete elimination of either 
raffinose or stachyose was not attained. However, there 
was considerable reduction in stachyose. Raffinose was
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not completely eliminated from the blends by the yeast, 
but remarkable reduction was achieved considering the 
short fermentation. The results clearly indicated that 
with massive inoculation, Pichia guilliermondii signifi­
cantly reduced raffinose and completely eliminated 
stachyose (Table 7).
Yeast fermentation has an advantage over natural 
fermentation in that it resulted in a 24-hour time saving. 
With the processing schedule used in this study, natural 
fermentation long enough to achieve complete removal of 
raffinose and stachyose was not practical. Yeast fer­
mentation would lend itself better to mass production 
and controlled industrial operation. It would be possible 
to shorten the time required to achieve complete removal 
of raffinose and stachyose with massive inocula.
A further disadvantage of natural fermentation had 
to do with toxicological problems. Although Zamora and 
Fields (1979b) did not find any toxic substances in their 
naturally fermented cowpea, this may not be applicable in 
other natural fermentations. Therefore, the problem 
must not be overlooked. This is especially important with 
formulations intended for infants and children. Yeast 
fermentation minimized the possibility of toxicological 
problems that may be related to natural fermentation. It 
would also be possible to have flavor problems with ex­
tended mixed culture fermentation.
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Corn:cowpea ratios did not seem to affect raffinose 
level in these mixtures. Neither dilution nor concentra­
tion factors came into play because the level of 
raffinose in corn and cowpeas were about equal. However, 
the concentration factor of stachyose in cowpeas was 
evident; the level increasing as the proportion of cow­
peas in the blend increased.
Both raffinose and stachyose have been implicated in 
incidences of flatulence. This study, and those reported 
in the literature, point to the fact that legumes have 
higher content of stachyose than raffinose (Tanaka et al., 
1975) . This study also showed that corn did not contain 
stachyose, but raffinose. There are no reports relating 
corn consumption to flatulence although commercial wheat 
fractions containing raffinose and stachyose had been 
implicated (Hickey et al., 1972). These observations 
strongly suggest that the primary incitant of flatulence 
is stachyose.
A possible explanation of the inability of corn to 
induce flatulence is that the level of raffinose is 
below threshold values. Any process that reduces the 
levels of raffinose and stachyose would be beneficial.
The few adults who tasted the reconstituted product 
without the addition of sugar, returned favorable comments. 
However, the sample size was too small to base any 
meaningful conclusion on it. Besides, there was the danger
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of drawing conclusions based on information obtained from 
adults rather than infants, the real target population.
The product developed could be easily reconstituted, 
and could be prepared with either cold or hot water. Only 
the samples prepared from equal amounts of corn and cow­
peas showed a tendency to agglutenate in hot water.
Fluid milk could be used to reconstitute the product, or it 
could be added to the reconstituted sample. Addition of 
milk would no doubt improve the nutritive value of the 
product.
SUMMARY
There exists the need to provide a more nutritious 
food than akamu for Nigerian infants and children whose 
parents cannot afford the expensive formulae presently 
marketed. Since protein is the nutrient most often 
lacking, the emphasis must be on up-grading the protein 
intake of this target group. A product formulated with 
locally available raw materials would keep the cost low 
and also overcome food prejudices associated with foreign 
foods.
This study was carried out to produce and evaluate 
the nutritional quality of an infant food for Nigerian 
populations using corn and cowpeas (blackeyed peas).
Since consumption of legumes has long been associated with 
cases of flatulence, removal of the oligosaccharides 
responsible for the discomfort was incorporated into the 
study. This step was considered desirable since the 
product is intended to constitute a significant portion 
of the infant's diet.
Results indicated that fermentation increased the 
protein levels of the corn:cowpea mixtures. Also it was 
observed that the protein quality of the blends improved 
with replacement of corn in the diet with cowpeas. The 
increase was highest when cowpeas constituted between 33 
and 40% of the starting material. Maximum nutritional
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benefit was not attained outside this range even when 
protein levels of the mixture were higher.
Amino acid analyses showed that yeast fermentation 
caused reduction in total sulfur amino acids of the mix­
tures. Although the levels of the sulfur amino acids 
were relatively low, the nutritional quality of these 
blends was comparable to that of casein. Statistical 
analysis showed no significant differences between samples 
and treatment.
Drum drying did not adversely affect the nutritional 
quality of the blends as measured by available lysine 
level. Availability of lysine was better than 90% in 
most of the samples, indicating that only minor damage 
resulted from processing.
Fermentation had profound influence on the protein 
fractions of the corn:cowpea mixtures. While the non­
fermented samples contained several fractions of varying 
molecular weights, fermented samples contained fewer 
fractions. In yeastr-fermented sample, only one band of 
low molecular weight protein fraction appeared on the SDS 
gel. The breakdown of protein in corn:cowpea mixtures was 
greater with yeast than with natural fermentation.
Oligosaccharides (raffinose and stachyose) in legumes 
were successfully reduced or eliminated by fermentation. 
Fermentation by Pichia guilliermondii showed advantages 
over natural fermentation. There was considerable time
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saving and better processing control with yeast fermenta­
tion. A more complete study of the fermentation process 
is needed to evaluate the effect of such parameters as 
controlled temperature, pH, moisture level, etc. on the 
removal of oligosaccharides. Recent studies by Church and 
Meyers (personal communication) suggest that the total 
time of fermentation by Pichia guilliermondii for pro­
duction of the a-galactosidase enzyme may be significantly 
reduced. A scale-up in the process over the initial 
limited fermentation work reported here is recommended.
This study outlined the potential of producing an 
easy to use, flatulence-free product from corn and cow­
peas aimed at improving the protein intake of Nigerian 
infants. However, evaluation of the micro-nutrients 
(vitamins and minerals) is recommended before embarking 
on full scale production of the product.
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APPENDIX 1 
Reagents for Electrophoresis
2 liter SDS gel buffer: Exactly 7.8 g NaH^PO^ ^ H^O,
38.6 g Na2HP0^ . 7H20 (Matheson Coleman & Bell,
Norwood, Ohio), and 2 g sodium dodecyl sulfate 
(Eastman Kodak Co., Rochester, N.Y.) were dissolved 
in 2 liters of deionized water.
Acrylamide-bis acrylamide solution: This solution was made
from 0.5 g fresh NjN'-methylene-bis-acrylamide and 
22.2 g fresh acrylamide (Eastman Kodak Co., Rochester, 
N.Y.) were dissolved in enough H20 and made up to 
100 ml with deionized E^O.
Ammonium persulfate solution: The solution was prepared
by dissolving 15 mg Ammonium persulfate (Eastman 
Kodak Co., Rochester, N.Y.) per ml of deionized H20.
TEMED (N,N,N,N-tetramethylethylenediamine) and 8-Mercapto- 
ethanol (Eastman Kodak Co., Rochester, N.Y.).
10% SDS solution: One gram SDS in 9.0 ml of deionized
h 2o .
Tracking dye: The dye was prepared from 0.3 mg bromo-
phenol blue (Matheson Coleman & Bell, Norwood, Ohio) 
dissolved in 5.0 ml deionized H20 and then mixed 
with 5.0 ml glycerol (Merck & Co., Rahway, N.J.).
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Staining dye: The dye solution was prepared by dissolving
120 mg Coomassie blue (Eastman Kodak Co., Rochester, 
N.Y.) in 125 ml isopropanol (Mallinckrodt Chemical 
Works, St. Louis, MO.). Then 50 ml of glacial acetic 
acid and 325 ml H20 were added.
Destaining solution: Prepared by mixing isopropanol,
glacial acetic acid, and I^O in the ratio of 25:10: 
65.
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APPENDIX 2
Analysis of Variance for Protein Contents 
of Corn:Cowpea Mixtures
Source DF Sum of Sq Mean Sq F Value
Total 11 29.2865
Treatment 2 1.4984 0.7492 10.7*
Block 3 27.3824 9.1275 130.4*
Error 6 0.4057 0.0676
* P < 0.05
APPENDIX 3
£
Biological Response of Rats fed Corn:Cowpea Mixtures
Weight
gain
(g)
Food
Intake
(g)
Prot. 
Intake
(g)
Adjust.
PERb
Casein 22.42 (3.85)c 71.30(3.54) 7.13 (0.35) 2.50
Corn:Cowpea (80:20)
Non-f ermented 
Naturally fermented 
Yeast fermented
16.83(3.66) 
14.20(2.77) 
14.20(2.80)
64.58(4.72) 
54.00(3.18) 
48.10(2.25)
6.46 (0.47) 
5.40 (0.32) 
4.81(0.23)
2.08 (0.66) 
2.09(0.33) 
2.35(0.48)
Corn:Cowpea (67:33)
Non-fermented 
Naturally fermented 
Yeast fermented
25.17(2.42) 
21.33(4.0) 
22.19(5.16)
86.20 (5.43) 
82.50(4.72) 
76.08(3.50)
8.62(0.54)
8.25(0.47)
7.61(0.35)
2.32(0.57) 
2.06 (0.56) 
2.32(0.32)
Corn:Cowpea (60:40)
Non-fermented 
Naturally fermented 
Yeast fermented
24.90(1.94)
15.70(3.92)
23.10)4.05)
85.00(3.72) 
56.88(3.44) 
77.40(5.02)
8.50(0.37)
5.69(0.34)
7.74(0.50)
2.33(0.48)
2.20(0.85)
2.37(0.22)
Corn:Cowpea (50:50)
Non-fe rmen ted 
Naturally fermented 
Yeast fermented
21.08(2.29) 
17.30 (2.80) 
17.50 (4.83)
81.00(3.61) 
73.30 (7.64) 
59.10 (3.31)
8.10(0.36) 
7.33 (0.76) 
5.91(0.33)
2.07(0.45) 
1.88(0.32) 
2.37 (0.71) __
aAll value represent averages of 10 rats. 
b10-day study period.
^Figures in parenthesis are standard deviations.
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APPENDIX 4
Analysis of Variance for Rat Liver Weights
Source DF Sum of Sq Mean Sq F Value
Model 12 10.009 0.834 0.64
Error 52 67.836 1.305
Total 64 77.846
APPENDIX 5 
Analysis of Variance for Amino Acids 
of Corn:Cowpea Mixtures
Source DF Sum of Sg Mean Sq F Value
Model 31 1209.340 39.011 44.58**
Error 234 204.775 0.875
Total 265 1414.115
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APPENDIX 6 
Duncan's Multiple Range Test 
for Amino Acids of Corn:Cowpea Blends
Grouping3 Mean N (corn
Description 
:cowpea ratio, trt.)
A 4.768 19 Corn (raw)
B 3.926 19 50:50, yeast-fermented
C 3.047 19 60:40, yeast-fermented
C 3.042 19 Cowpea (raw)
D 2.353 19 50:50, naturally fermented
E D 2.253 19 50:50, non-fermented
E D 2.242 19 67:33, naturally fermented
E D 2.211 19 60:40, naturally fermented
E D 2.174 19 80:20, yeast-fermented
E D 2.032 19 80:20, naturally fermented
E D 1.989 19 60:40, non-fermented
E D 1.963 19 80:20, non-fermented
E D 1.758 19 67:33, yeast-fermented
E 1.568 19 67:33, non-fermented
aMeans with the same letter are not significantly 
different (a = .05)
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APPENDIX 7 
Corn:Cowpea Protein Fractions
Dye
front
Fraction
front
Relative
mobility
Molecular
weight
Albumin 10.4 7.3 0.70 67,000
Aldolase 10.0 4.5 0.45 149,100
Phosphorylase b 10.3 2.0 0.19 250,000
9.1 0.92 22,500
8.3 0.84 39,000
6.7 0.68 75,000
Non-
fermented 9.9
5.5
4.7
0.56
0.47
108,000
135,000
4.2 0.42 154,000
3.3 0.33 190,000
2.8 0.28 212,500
8.1 0.87 32,500
Naturally
fermented 9.3 5.0 0.54 114,000
4.6 0.49 129,000
Yeast-fermented 10.1 9.0 0.89 27,500
Corn: (80:20) 
Cowpea
(67.33)
9.3
9.1
8.2
8.1
0.88
0.89
30,000
27,500
(60:40) 10.1 9.0 0.89 27,500
(50:50) 10.1 9.1 0.90 26,000
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APPENDIX 8
Stachyose Content of Experimental Samples
Height
(cm)
Concentration 
(g/liter)
Cowpea 14.5 10.36
Corn 0.0 0.0
Corn:Cowpea (80:20)
Non-fermented 10.1 7.10
Naturally fermented 2.8 1.69
Yeast-fermented 0.6 0.06
Corn:Cowpea (67:33)
Non-fermented 10.9 7.69
Naturally fermented 3.0 1.83
Yeast-fermented 1.0 0.42
Corn:Cowpea (60:40)
Non-fermented 13.8 9.84
Naturally fermented 3.4 2.13
Yeast-fermented 1.0 0.35
Corn:Cowpea (50:50)
Non-fermented 13.9 9.91
Naturally fermented 2.6 1.54
Yeast-fermented 1.8 0.94
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APPENDIX 9
Raffinose Content of Experimental Samples
Height
(cm)
Concentratior
(g/liter)
Corn 2.0 0.72
Cowpea 3.1 1.22
Corn:Cowpea (80:20)
Non-fermented 2.7 1.04
Naturally fermented 1.9 0.68
Yeast-fermented 1.0 0.27
Corn:Cowpea (67:33)
Non-fermented 3.1 1.22
Naturally fermented 1.8 0.63
Yeast-fermented 0.8 0.18
Corn:Cowpea (60:40)
Non-fermented 3.0 1.18
Naturally fermented 1.8 0.63
Yeast-fermented 1.0 0.27
Corn:Cowpea (50:50)
Non-fermented 3.3 1.33
Naturally fermented 2.0 0.72
Yeast-fermented 1.7 0.59
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APPENDIX 10 
Analysis of Variance for Stachyose Content 
of Corn:Cowpea Mixtures
Source DF Sum of Sq Mean Sq F Value
Total 11 18.080
Treatment 2 17.285 8.643 97.84**
Error 9 0.795 0.088
* *
P < 0.01
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APPENDIX 11 
Analysis of Variance for Raffinose Content 
of Corn:Cowpea Mixtures
Source DF Sum of Sq Mean Sq F Value
Total 11 0.169
Treatment 2 0.162 0.081 97.00**
Error 9 0.00 8 0.001
* *
P < 0.01
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